Inter- and intra-molecular migration of peptide amide hydrogens during electrospray ionization.
The isotopic exchange of amide hydrogens in proteins in solution strongly depends on the surrounding protein structure, thereby allowing structural studies of proteins by mass spectrometry. However, during electrospray ionization (ESI), gas phase processes may scramble or deplete the isotopic information. These processes have been investigated by on-line monitoring of the exchange of labile deuterium atoms in homopeptides with hydrogens from a solvent suitable for ESI. The relative contribution of intra- and inter-molecular exchange in the gas phase could be studied from their distinct influence on the well-characterized exchange processes in the spraying solution. The deuterium content of individual labile hydrogens was assessed from the isotopic patterns of two consecutive collision-induced dissociation fragments, as observed with a 9.4 T Fourier transform ion cyclotron resonance (FTICR) mass spectrometer. Results demonstrate that gas phase exchange in the high-pressure region between the capillary and the skimmer cause substantial depletion of the isotopic information of penta-phenylalanine and penta-aspartic acid. For penta-alanine and hexa-tyrosine, the amide hydrogens located close to the N-terminus are depleted from deuterium during mass analysis. Amide hydrogens located close to the C-terminus still retain the information of the isotopic state in solution, but they are redistributed by intra-molecular exchange of the amide hydrogens with the C-terminal hydroxyl group.